Aims: To determine the effect of music on the management of pain and anxiety in primiparous women during labour.
psychological outcomes associated with the birthing process (Boryri, Noori, Teimouri, & Yaghobinia, 2016) . The rise in physical parameters such as the respiratory rate, oxygen consumption, catecholamine levels, cardiac output, and blood pressure may have harmful effects on both the pregnant women and their foetuses (Stott, Papastefanou, Paraschiv, Clark, & Kametas, 2017; Su et al., 2015) . Labour pain can disturb the emotional control during ongoing childbirth (Sandall, Soltani, Gates, Shennan, & Devane, 2016; Simavli et al., 2014 ) and postpartum mental health. All of the above can lead to anxiety in regard to future labour and mother-infant bonding (Goodman, Mackey, & Tavakoli, 2004) . Cervical expansion and uterine contractions (Whitburn, Jones, Davey, & Small, 2017) are the primary causes of pain during labour. Due to the potential adverse effects of analgesic drugs on mothers and their newborns (Cadavid, 2017; Girit et al., 2017) , many pregnant women therefore choose complementary and alternative therapies to control labour pain and anxiety (Dehcheshmeh & Rafiei, 2015) . Several preliminary studies suggested that music intervention, a modality broadly accepted by pregnant women, decreased their anxiety, psychological stress and depression during pregnancy, as soon as after two weeks of intervention (Chang & Chen, 2004; Chang, Chen, & Huang, 2008) and increased the satisfying experience for women undergoing caesarean delivery (Chang & Chen, 2005) . It also significantly reduced diastolic blood pressure, systolic blood pressure, and heart rates of pregnant women with pre-hypertensive symptoms (Sundar, Ramesh, & Anandraj, 2015) , which were also biological markers of anxiety.
| Background
Labour is a challenging process and labour pain is usually accompanied by anxiety during the birthing process (Boryri et al., 2016) . Anxiety enhances the sensation of pain during labour; it can be modified through psychological and physiological approaches (Christiaens & Bracke, 2007) . Among the options of complementary and alternative therapies for pain management during labour, music intervention is emerging with increasing popularity as an additional treatment to routine obstetric nursing practices. Music intervention via active listening (accompanied with breathing and imagery exercises guided by the music) has been applied to manage labour pain and anxiety among pregnant women (Liu, Chang, & Chen, 2010) . Auditory stimulation may hinder the pathways of pain transmission by diminishing the reaction to pain stimuli, thus blocking pain perception (Nilsson, Unosson, & Rawal, 2005; Simavli et al., 2014) , especially during the active phase (Phumdoung & Good, 2003) .
Pregnancy for primiparous women may trigger additional diverse emotions, including uncertainty about pregnancy, fear of, or concerns about pregnancy, and maladaptation to pregnancy (Boryri et al., 2016) .
Music can improve anxiety among primiparous women during their pregnancy. Listening to participant-preferred music from three categories (Western classical, Pleasant Music and Chinese Folk Music) for 2 hr after lunch for 30 min per day decreased anxiety levels and improved the physiological performance of pregnant women (Yang et al., 2009) . Music can also reduce the prenatal anxiety of pregnant women with pre-eclampsia (Toker & Kömürcü, 2017) .
Music is a promising but underestimated non-pharmacological treatment employed to relieve labour pain and anxiety. Although there are many alternative and complementary therapies for ameliorating labour pain, music intervention is one of the safest and easiest therapies to administer in healthcare settings. A Cochrane review (Laopaiboon, Lumbiganon, Martis, Vatanasapt, & Somjaivong, 2009) found only one study (Chang & Chen, 2005) reporting the effect of music intervention on women's satisfaction and anxiety during cesarean delivery and the result was statistically significant. One Cochrane review (Smith, Levett, Collins, & Crowther, 2011) found the effect of music intervention on pain intensity and anxiety during labour, but the effect was not statistically significant. Some clinical trials thereafter evaluated the effect of music during labour. Therefore, we planned to perform a systematic review with meta-analysis to investigate the effects of music intervention on the management of pain and anxiety among primiparous women during labour.
| TH E R EVIEW

| Aims
The aim of this review was to determine the effect of music on the relief of labour pain and anxiety for primiparous women during labour.
| Design
This was a systematic review with meta-analysis about music intervention for pain and anxiety among primiparous women during
Why is this review needed?
• Labour pain is inevitable and may have adverse effects on the physical and psychological outcomes of labour.
• Labour anxiety commonly increases the sensation of pain during labour.
• Music is a promising but underestimated non-pharmacological approach to relieving labour pain and anxiety.
What are the key findings?
• Music intervention is useful and easy to administer.
• Music is an effective intervention for the relief of labour pain and anxiety.
How should the findings be used to influence policy practice/research/education?
• Music intervention reduces the labour pain and anxiety of primiparous women during labour. Music protocols should be developed and used in clinical practice.
labour. We conformed to the standards of the Cochrane intervention review (Higgins & Green, 2011) .
| Search methods
The purpose of this systematic review with meta-analysis was to gather evidence describing the music intervention for pain and anxiety of the primiparous women during labour; quantitative studies fulfilling the inclusion criteria were included. We defined the techniques of music intervention as active listening accompanying with breathing or imagery exercises guided by the music. We planned to include randomized or quasi-experimental controlled trials. There were no limitations in publication dates or languages.
| Inclusion criteria
1. Primiparous women with term pregnancy who were expected to give normal spontaneous deliveries.
2. No cardiovascular diseases, underlying kidney diseases, gestational diabetes, chorioamnionitis, cephalo-pelvic disproportions, pre-eclampsia, or any psychiatric disorders.
3. No medical records of abnormal patterns of uterine contractions with cephalic presentation of infants or foetal heart rates.
Electronic publications from MEDLINE, EMBASE, and CINAHL databases were searched using a combination of subject headings and text words. The PICOS search is listed in Table 1 
| Search outcomes
Two authors (C.-H. C. & P.-C. C.) independently reviewed the titles, abstracts, and contents to assure that the recruited studies for analysis met the inclusion criteria. We included trials evaluating the effects of music intervention on the relief of pain and anxiety for primiparous women receiving perinatal cares. The primary outcomes were the improvements of pain and anxiety.
| Quality appraisal
Two authors (C.-H. C. & P.-C. C.) independently reviewed the selected trials based on the principles listed in the Cochrane Handbook for Systematic Reviews of Interventions to evaluate the quality of the methodology (Higgins & Green, 2011) . The domains for assessing the risks of bias included: allocation concealment, randomization sequence, participant blinding, specialist outcome blinding, other biases, incomplete data, and selective report. The quality of each domain was classified as low risk, high risk, or unclear. We assessed each outcome pooled in the meta-analysis with the quality of evidence by using the GRADE approach, according to the presence of the following five factors: risk of bias, inconsistency, indirectness, imprecision, and publication bias (Guyatt et al., 2011) . We employed data from GRADEprofiler GDT (GRADEpro GDT 2015) to produce summary of findings tables for the comparisons: music intervention versus routine care for pain and anxiety management of the primiparous women during labour.
| Data abstraction
After appraising the recruited literature, the two authors discussed the inter-observer differences for consensus. If a consensus was not achieved, a third author (C.-H. C.) was consulted. The characteristics 
of the analysed studies were in a format of the authors, publication year, study location, intervention, number of participants, and outcome measures. The outcome measures were presented as the mean with 95% confidence interval (CI). When the mean value was unavailable, the median value was instead adopted for the meta-analysis. The standard deviations (SD) could be imputed from the p values according to guidance given in the Cochrane Handbook for Systematic Reviews of Intervention (Higgins & Green, 2011) . If only means and SD for the baseline and follow-up measurements of each group were reported, we calculated the change of means and SD for each group (Egger, Davey Smith, Schneider, & Minder, 1997; Tu, Baelum, & Gilthorpe, 2005) according to the following mathematical formula:
Mean pre and SD pre are the mean and SD for the baseline measurement, respectively and Mean post and SD post are the mean and SD for the follow-up measurement, respectively. r was the correlation between the matched pairs of baseline and follow-up measurements and we set r = 0.5 for each group.
| Synthesis
Random-effects models were used for the meta-analysis due to the various participant groups and treatment protocols (DerSimonian & Laird, 1986) . Continuous data were expressed as mean differences (MD) with 95% CIs or as standardized mean differences (SMD) if the outcomes were conceptually the same in the different studies but measured in different ways. The I 2 statistics were calculated for evaluating the heterogeneity. Sensitivity analysis was performed when substantial heterogeneity was recognized. If there were 10 or more studies in the meta-analysis, we planned to investigate reporting bias using funnel plots (Egger et al., 1997 3 | RESULTS
| Characteristics of the included studies
A flow diagram of included studies is shown in Figure 1 . Five published studies (Hosseini, Bagheri, & Honarparvaran, 2013; Karkal, Kharde, & Dhumale, 2017; Liu et al., 2010; Phumdoung & Good, 2003; Simavli et al., 2014) were included in this systematic review. Table 2 describes the characteristics and major outcomes of these studies. All the study locations were in Asia. Although the outcomes were measured before and after receiving either routine care or additional music intervention during labour, the time periods of data collection were inconsistent in the included studies. Two studies (Hosseini et al., 2013; Phumdoung & Good, 2003) collected the data during the active phase, while two studies (Liu et al., 2010; Simavli et al., 2014) collected the data in the latent and active phases. The follow-up time was unknown in one study (Karkal et al., 2017) . All the studies applied visual analog scale for the evaluation of pain.
Only four studies (Karkal et al., 2017; Liu et al., 2010; Phumdoung & Good, 2003; Simavli et al., 2014) reported the outcome of anxiety, where three studies (Liu et al., 2010; Phumdoung & Good, 2003; Simavli et al., 2014) used visual analog scale and one study (Karkal et al., 2017) used Zung's self-rating anxiety scale. Figure 2 shows a graphical summary of the risk of bias assessment made by the authors. Overall, the risk of bias was low on two out of six domains (incomplete outcome data and selective reporting). There was no blinding of participants and personnel in all the included studies. In other domains of risk of bias assessment, the risk of bias was high. The study by Hosseini et al. (2013) was a quasi-experimental design, so there was a high risk of bias resulting from the lack of randomization, allocation, and blinding. There was no description of random sequence generation in two studies (Karkal et al., 2017; Liu et al., 2010) , no description of allocation concealment in three studies (Liu et al., 2010; Phumdoung & Good, 2003; Simavli et al., 2014) , and no description of blinding of outcome assessment in two studies (Phumdoung & Good, 2003; Simavli et al., 2014) . Because the protocols of music intervention varied among these studies, bias in the treatment effect might exist, and the domain of other bias was recorded as unclear for all the included studies. The quality of evidence included the pain and anxiety outcomes in the GRADE summary table (Table 3) .
| Methodological quality
There was moderate evidence that music intervention could improve pain and anxiety of the primiparous women during labour.
| Effects of music intervention
The outcomes were synthesized in the forest plots in Figure 3 .
Music intervention seemed to lower the pain scores for primiparous women during labour, but the effect was not statistically significant 
| Sensitivity analysis
Pooled results were of high heterogeneity for both outcomes of pain and anxiety, so sensitivity analysis was performed for each outcome.
We excluded one study (Karkal et al., 2017) 
| DISCUSSION
To the best of our knowledge, this is the first systematic review with meta-analysis discussing the effect of music intervention for primiparous women during labour. Our review procedure was based on the guidelines of Preferred reporting items for systematic reviews and meta-analyses (Moher, Liberati, Tetzlaff, & Altman, 2009 , 2011) found the effect of music intervention on pain intensity and anxiety during labour, but the effect was not statistically significant. In this systematic review, the included studies showed that music intervention could relieve labour pain and reduce the level of anxiety for primiparous women, but the pooled results were of high heterogeneity and not statistically significant about the changes of the pain scores. In the sensitivity analysis, one study (Karkal et al., 2017 ) was excluded and the heterogeneity of both pain and anxiety results obviously decreased. In addition, a significant improvement in both pain and anxiety during labour was also observed.
The protocols of music listening experiences varied in each study, Although previous trials have recommended that music intervention may be effective in labour pain, other alternative therapies for labour pain relief such as massage therapy, antenatal education, group prenatal care, acupuncture, mindfulness-based intervention were also proposed (Smith, Collins, Cyna, & Crowther, 2006) . The lack of network meta-analysis to verify the efficacy of these alternative therapies challenges the music recommendation. Massage therapy seemed to be the most helpful approach in labour pain relief for pregnant women in one study (Kimber, McNabb, Mc Court, Haines, & Brocklehurst, 2008) ; however, readers should be mindful of its small study effect when incorporating its results. A meta-analysis (Fontein-Kuipers, Nieuwenhuijze, Ausems, Budé, & de Vries, 2014) indicated that music intervention did not find a significant effect of reduction of antenatal maternal distress; nevertheless, the study combined pooling data from original different intervention effects (e.g., music intervention, antenatal education, group prenatal care, acupuncture, mindfulness-based intervention) and did not include sufficient data for the efficacy of music intervention in labour anxiety of primiparous women for meta-analysis. This present study includes a construct of maternal anxiety (VASA) in our search strategy for the consistency and precision in the search results. Further randomized studies are required to examine these appropriate intervention outcomes trials and the applicability of music intervention. A study (Toker & Kömürcü, 2017) indicated that using music minimalized blood pressure with pre-eclampsia. Further studies evaluating the effects of music intervention on the maternal anxiety of primiparous women may also consider incorporating participants with such pre-existing physiological concern.
There were still too few well-designed randomized controlled trials to fully evaluate the effect of music intervention for pain and anxiety management during labour despite the increasing use of alternative and complementary therapies. Most studies were of small sample size, poor methodological quality, or inadequately reported.
The insufficient reporting also made the assessment of methodological quality and data extraction difficult.
After the initial meta-analysis, there was high heterogeneity in the results of both pain and anxiety. The results of pain and T A B L E 3 GRADE summary of findings of music therapy versus routine care for pain and anxiety management of the primiparous women during labour anxiety from one study (Karkal et al., 2017) were a prominent outlier. After reviewing this study, the timing of the outcome assessment was unknown. Since the pain intensity changed dramatically during the active phase, the timing of the assessment was important when evaluating the treatment effects. If the follow-up time was unclear in the study design, assessment bias would eventually occur. While two studies (Liu et al., 2010; Simavli et al., 2014) applied music intervention following the latent phase and evaluated the pain and anxiety scores in the active phase, the outcomes were not highly heterogeneous. The probable explanation might be that the change of pain and anxiety intensity was not as obvious from the latent phase to the initial active phase as that during active phase.
| Limitations
The present systematic review with meta-analysis still has some limitations. First, the participants did not receive the same protocols of music intervention among the included studies. Treatment effect bias might exist and physicians should keep this in mind when applying music intervention in clinical practice. Second, music intervention was administered by nurses and physicians instead of certificated music therapists in the included studies. Certificated music therapists can use proper techniques when applying music intervention to help participants relieve stress more efficiently than nurses and physicians do during labour. Researchers in future studies may consider music intervention by music therapists for primiparous women during labour. Third, the sample size of included studies was small, with only two studies (Liu et al., 2010; Simavli et al., 2014) describing sample size estimations in the part on study design. Insufficient sample size might underestimate the true effects of music intervention for primiparous women during labour. Besides, the study results should be interpreted cautiously because of the small study effect.
Fourth, methodological quality was not high in the included studies, which would lower the validity of the evidence of this systematic review. Future studies should focus on improving study designs to increase credibility for clinical practice. Fifth, the impacts of covariates, such as age, duration of labour, or treatment time, would influence the clinical outcomes of music intervention. However, it was difficult to examine the impact of covariates in this meta-analysis due to the small number of included studies and the outcome variables in the included studies were mostly self-reported. For more objective outcomes, physical findings (i.e., heart rate, blood pressure, respiratory rate, and temperature) should be considered in future studies. Finally, all included studies were from Asian countries, thus the results may not be applicable to the clinical setting in Western countries.
| CONCLUSION
Music intervention may prove an effective intervention for the management of pain and anxiety for primiparous women during labour.
Future randomized controlled trials with good methodological quality and adequate power are necessary to strengthen this conclusion.
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